Summary {#sec0}
=======

Increases in N-terminal pro-B-type natriuretic peptide (NT-proBNP)/upper limit of normal (ULN) are related to larger left atrial diameter (LAD) and LA area (LAA), while more elevated NT-proBNP is associated only with larger LAA. The highest levels of both NT-proBNP and NT-proBNP/ULN were associated with obstructive hypertrophic cardiomyopathy (HOCM), whereas biomarker levels were comparably lower in provocable obstructive HCM (PHOCM) and non-obstructive HCM (NOHCM).

Introduction {#sec1}
============

In hypertrophic cardiomyopathy (HCM), left atrial (LA) enlargement might be associated with cardiovascular death via the following mechanisms: as a risk factor for sudden cardiac death (SCD) due to ventricular fibrillation or as a cause of cardioembolic stroke due to atrial fibrillation (AF) \[[@cit0001], [@cit0002]\].

In the 2014 European Society of Cardiology (ESC) guidelines \[[@cit0001]\], LA diameter (LAD) is measured in the parasternal long-axis view as the anteroposterior linear diameter at the end-systolic phase. LA enlargement is proposed as a predictor of AF and stroke in patients with HCM. Increased risk of AF is suggested as a cut-off value for LAD of ≥ 4.5 cm. Recently, it has been postulated that when using the planimetric method, in which the LA area (LAA) is measured from the apical view, a cut-off value of ≥ 28 cm^2^ for LAA is a strong predictor of AF in patients with HCM \[[@cit0003]\]. Considering these two thresholds, the first aim of our study was to compare NT-proBNP and (standardised to age and gender) NT-pro-BNP/upper limit of normal (ULN) levels between patients with smaller and larger LA (as measured with both the above methods (LAD, LAA)) in patients without AF.

Additionally, we assessed the role of elevated NT-proBNP and NT-proBNP/UNL as a maker of provocable left ventricular outflow tract (LVOT) gradient ≥ 30 mm Hg by comparing these values (absolute and standardised) between three subgroups of patients: with non-obstructive HCM (NOHCM), provocable obstructive HCM (PHOCM), and resting obstructive HCM (HOCM) at multiple measurements (stable obstruction at every echocardiography examination). Finally, we compared the biomarker level between subgroups of HCM patients (with and without pulmonary hypertension) and calculated the correlation between the biomarker and right ventricular dimension measured in the four-chamber apical view.

In the HCM subgroup, biomarkers are helpful for disease assessment \[[@cit0004], [@cit0005]\]. Troponin is an independent predictor useful for identifying myocardial fibrosis, while plasma NT-proBNP is only associated with myocardial fibrosis on univariate analysis \[[@cit0005]\]. Combined measurements of serum troponin with maximal wall thickness further improve its power for detecting myocardial fibrosis in patients with HOCM \[[@cit0005]\].

Aim {#sec2}
===

This study aimed to establish whether the LA dimension, LVOT gradient, and pulmonary hypertension influence NT-proBNP serum levels in patients with HCM.

Material and methods {#sec3}
====================

A total of 62 consecutive patients with HCM (mean age: 31 ±11 years; 32 men and 30 women) were recruited to the study. Sinus rhythm was present in 51 patients. Informed consent was obtained from each participant. All patients met standard diagnostic criteria for HCM \[[@cit0001]\]. The exclusion criteria were as follows: ST-segment or non-ST-segment elevation myocardial infarction (current or previous), history of alcohol septal ablation, dilated LV cavity, decreased LV contractibility (end-stage, burn-off-stage of HCM), or elevated creatinine level.

Patients on current pharmacotherapy were examined by echocardiography with LVOT gradient provocation by natural stimuli (orthostatic test and Valsalva test \[[@cit0001], [@cit0006], [@cit0007]\]) and were classified into the subgroups with NOHCM, PHOCM, and HOCM. Pulmonary hypertension probability was calculated by echocardiography according to available guidelines \[[@cit0008]\]. Additionally, we studied the relationship between pulmonary hypertension probability (PH) and NT-proBNP, as well as NT-proBNP/ULN.

After the measurement, we defined 19 patients as having a high probability of pulmonary hypertension (PH) and 43 as having a low probability. NT-proBNP and NT-proBNP/ULN were correlated with the RV dimension measured in the four-chamber apical view.

Roche Diagnostics NT-ProBNP electrochemiluminescence immunoassay was performed. The NT-proBNP levels were measured as absolute values and as a transformed value where the absolute value was standardised according to sex and age (based on the manufacturer's guidelines, <http://www.rochecanada.com/content/dam/roche_canada/en_CA/documents/package_inserts/ProBNPII-04842464190-EN-V9-CAN.pdf>). Values greater than the 97.5^th^ percentile for age and gender (upper limit of normal (ULN)) were considered abnormal. Therefore, results were expressed as the ratio of the NT-pro-BNP to age, sex-matched ULN, and the ratio value \> 1.0 was abnormal \[[@cit0009]\]. This standardisation of NT-proBNP provides a normal distribution of data, whereas the absolute values were distributed abnormally. In this situation, we do not need to perform logarithmic transformation for artificial calculation.

Statistical analysis {#sec3.1}
--------------------

Continuous variables were presented as mean (SD) or median (interquartile range, IQR). NT-proBNP levels (non-normal distribution) were compared by the Mann-Whitney test in the subgroup comparison (LAD smaller versus larger and LAA smaller versus larger, PH positive vs. PH negative). The NT-proBNP levels were compared between the three subgroups of patients with NOHCM, PHOCM, and HOCM using the Kruskal-Wallis test. Additional data analysis was performed with analysis of variance (one-way ANOVA) with post hoc Tuckey test.

The values of standardised NT-proBNP/ULN with a normal distribution (according to Kolmogorov-Smirnov test) were compared using Student's *t*-test for LAD, LAA, and PH analysis. The ANOVA test was used for NOHCM, PHOCM, and HOCM comparisons. A *p-*value of \< 0.05 was considered statistically significant.

Results {#sec4}
=======

The baseline characteristics of patients with HCM are shown in [Table I](#t0001){ref-type="table"}. Smaller LAD was associated with lower NT-proBNP/ULN level (3.91 ±3.69 vs. 7.09 ±7.41, *p* = 0.001). In contrast, smaller vs. larger LAD subgroups did not differ in NT-proBNP level (466.45 (180.8--894.25) vs. 551.7 (256.5--1279) pg/ml, *p* = 0.42). Both NT-proBNP/ULN and NT-proBNP were significantly higher in the subgroup with lager LAA (3.31 ±2.69 vs. 10.89 ±7.94, *p* = 0.000002 and 383 (187--778) vs. 1601 (551--2573) pg/ml, *p* = 0.002).

###### 

Baseline characteristics of the patients

  Parameter                                     Value
  --------------------------------------------- ------------
  NYHA class                                    2.2 ±0.7
  CCS class                                     1.2 ±0.4
  Atrial fibrillation (*n*)                     11
  Syncope (*n*)                                 23
  Sudden death in family history (*n*)          22
  NSVT in Holter (*n*)                          24
  Maximum LV thickness \[mm\]                   22.6 ±4.9
  Resting LVOT gradient, \> 30 mm Hg, (*n*)     14
  Provocable LVOT gradient, ≥ 30 mm Hg, (*n*)   12
  Left atrial diameter, mean (SD) \[mm\]        4.89 ±0.81
  Pulmonary hypertension (*n*)                  19

CCS -- Canadian Cardiovascular Society, LVOT -- left ventricular outflow tract, LV -- left ventricular, NSVT -- non-sustained ventricular tachycardia, NYHA -- New York Heart Association.

The absolute value of NT-proBNP was significantly higher in the HOCM subgroup (NOHCM vs. PHOCM vs. HOCM, 539 (339--1035) vs. 567 (142--969) vs. 1909 (1019--3883) pg/ml *p* = 0.02) ([Figure 1](#f0001){ref-type="fig"}).

![Comparison of NT-proBNP between NOHCM vs. PHOCM vs. HOCM subgroups](PWKI-16-39545-g001){#f0001}

Similarly, NT-proBNP/ULN was significantly higher in the HOCM subgroup (NOHCM vs. PHOCM vs. HOCM 4.31 ±0.81 vs. 3.90 ±1.42 vs. 10.69 ±1.41, *p* = 0.00047) ([Figure 2](#f0002){ref-type="fig"}).

![Comparison of NT-proBNP/ULN standardised according to age and sex between NOHCM vs. PHOCM vs. HOCM](PWKI-16-39545-g002){#f0002}

Additional data analysis was performed with analysis of variance (one-way ANOVA) with post hoc Tuckey test. For NT-proBNP and NT-proBNP/ULN, the one-way ANOVA test was statistically significant (*p* \< 0.001 and *p* = 0.006) between all subgroups. Differences in the Tuckey HSD test were significant between the following subgroups: NOHCM vs. HOCM *p* \< 0.001 and POHCM vs. HOCM (*p* = 0.020). The mean values of the LVOT max gradient were statistically different (*p* \< 0.001) both in the ANOVA and Tuckey HSD tests for all comparisons between subgroups.

Moreover, we studied the relationship between pulmonary hypertension and NT-proBNP ([Figure 3](#f0003){ref-type="fig"}), as well as NT-proBNP/ULN ([Figure 4](#f0004){ref-type="fig"}). We detected 19 patients with PH and 43 without PH. Patients with PH vs. non-PH had significantly higher levels of NT-proBNP (1664 (904.5--2679) vs. 367.3 (187.6--900), *p* \< 0.000002).

![Patients with PH vs. non-PH had significantly higher levels of NT-proBNP (1664 (904.5--2679) vs. 367.3 (187.6--900), *p* \< 0.000002)](PWKI-16-39545-g003){#f0003}

![Patients with PH vs. non-PH had significantly higher levels of NT-proBNP/ULN (9.41±6.91 vs. 3.82, *p* = 0.00011)](PWKI-16-39545-g004){#f0004}

When using the standardised value of NT-proBNP/ULN, patients with PH vs. non-PH ([Figure 4](#f0004){ref-type="fig"}) also had a significantly higher level of NT-proBNP/ULN (9.41 ±6.91 vs. 3.82, *p* = 0.00011).

In contrast to the biomarker and PH relationships, both NT-proBNP and NT-proBNP/ULN did not correlate with the RV dimension measured in the four-chamber view (*r* = 0.01207, *p* = NS; and *r* = 0.0056, *p* = NS).

Discussion {#sec5}
==========

Here we report several novel findings, including biomarker verification of LAD and LAA as a risk factor for AF, and that an LAA \> 28 cm^2^ is probably a better predictor than LAD \> 4.5 cm. Also, a new finding generated in our study is that highly and significantly elevated NT-proBNP and NT-proBNP/ULN levels are associated with resting LVOT gradient \> 30 mm Hg (stable LVOT obstruction). On the other hand, significantly lower NT-proBNP and NT-proBNP/ULN levels (but still elevated value) did not predict provocable (labile, latent) LVOT gradient \> 30 mm Hg. This is because the biomarker levels were similar between the NOHCM and PHOCM subgroups. We postulate that only stable long-term LVOT obstruction is sufficiently potent to highly elevate this biomarker, both when measured as the absolute value and when calculated by the standardisation value. In a recent study by Blackshear *et al.* \[[@cit0009]\] among highly selected patients (i.e. with HCM in New York Heart Association class I), almost all patients had elevated BNP levels. There were no clear differences in BNP value between the following subgroups: obstructive, provocable-obstructive, and non-obstructive HCM patients (although the latter subgroup included only 4 patients) \[[@cit0009]\]. Our study included more symptomatic patients, who were classified into the subgroups of NOHCM, PHOCM, HOCM, and comparisons of NT-proBNP and NT-proBNP/ULN values were performed. The NT-proBNP level differences between POHCM and HOCM might help plan non-pharmacological septal reduction therapy (alcohol septal ablation or myotomy/myectomy). NT-proBNP is an objective and precise parameter in comparison to the subjective NYHA class. Consequently, POHCM patients with mildly-moderately increased NT-proBNP might be candidates for enhanced pharmacotherapy and careful monitoring of biomarkers during follow-up. A further increase in the biomarker level might be a signal to switch from pharmacotherapy to non-pharmacological treatment methods \[[@cit0010], [@cit0011]\].

In another one-way invasive intervention \[[@cit0012]\], it was reported that myectomy significantly reduced NT-proBNP level in HOCM patients, in which a time-dependent manner of decrease indicated myocardial remodelling of the heart after myectomy.

To our knowledge, both NT-proBNP and NT-proBNP/ULN have been not studied in the PHOCM subgroup (studied only in the NOHCM and HOCM subgroups).

In a study by Coats *et al.* \[[@cit0013]\], the NT-proBNP concentration was not analysed in the PHOCM subgroup, and the authors \[[@cit0013]\] reported that NT-proBNP is a strong predictor of overall prognosis, particularly heart failure-related death and transplantation, but not of SCD. Similarly, a very recent, large study from China confirmed the relationship between elevated NT-proBNP levels and increased all-cause mortality or cardiac transplantation \[[@cit0014]\]. A subsequent study has reported that high NT-proBNP levels were not associated with an increased value of the calculated 5-year percentage risk of SCD in HCM (ESC calculator 2014) \[[@cit0015]\]. In contrast, an increased level of high-sensitivity troponin I, another popular cardiac biomarker, was shown to be associated with the risk of SCD in HCM via more frequent episodes of non-sustained ventricular tachycardia \[[@cit0015], [@cit0016]\].

In an Italian study \[[@cit0017]\] among a subgroup of stable outpatients with HCM, NT-proBNP proved a powerful independent predictor of death and heart failure-related events. Although the positive predictive accuracy of an increased NT-proBNP level was modest, low values reflected the true clinical stability, suggesting the possibility of avoiding or postponing aggressive treatment options.

The biomarkers used in HCM might reflect some haemodynamic pathologies from the right side of the heart. The presence of pulmonary hypertension is related to higher NT-proBNP values, but this biomarker is not related to RV size. It seems likely that a thickened and stiff interventricular septum restricts/compress the RV size/geometry.

Methodological consideration {#sec5.1}
----------------------------

In the above-cited work by Coats *et al.* \[[@cit0013]\], as well as in a subsequent work by the same group \[[@cit0018]\], the authors take into account the influence of gender and age on NT-proBNP value. However, these authors did not divide the actual value by the ULN value to calculate the appropriate ratio of these values. Finally, Coats *et al.* performed a logarithmic transformation of their data. In 2018, Blackshear *et al.* \[[@cit0009]\] did calculate this ratio, and in this study we also use this method to obtain a normal statistical distribution. We propose that future studies should include this standardisation in their analyses.

Limitations of the study {#sec5.2}
------------------------

There are two major limitations to this study: the small number of patients and the lack of prospective follow-up. Unfortunately, we do not have precise measurements of the right atrium. Additionally, we feel that the atrial natriuretic peptide (released only by atria) would have been a better biomarker for right atrium haemodynamic overload than the NT-proBNP (secreted by LV myocardium). Therefore, we propose that future work should assess the relationship between NT-proBNP and two parameters of right-side heart influenced by left ventricular and septal pathology.

Conclusions {#sec6}
===========

Increases in NT-proBNP/ULN are related to larger LAD and LAA, while more elevated NT-proBNP is associated only with larger LAA. The highest levels of both NT-proBNP and NT-proBNP/ULN were associated with HOCM, whereas biomarker levels were comparably lower in PHOCM and NOHCM.
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